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RULE- 47 



ABSTRACT : 

The present invention relates to regulation of adult lifespan in eukaryotes. More 
particularly, the present invention is directed to methods of assaying for genes, 
gene products, and genes in pathways controlled by such genes and gene products, 
using RNAi and microarray analysis, that regulate lifespan (e.g., extend or 
truncate adult lifespan) in eukaryotes such as invertebrates (e.g., C. elegans), 
plants, and mammals, e.g., humans. For example, the present invention is directed 
to genes encoding components of the mitochondrial respiratory chain and genes 
encoding glycolysis enzymes, which are involved in lifespan regulation, and genes 
and gene products in pathways controlled by such genes. Other genes and gene 
products identified as regulating aging and aging pathways include a gene encoding 
a GTPase; a transcriptional activator; novel genes: llw-1, llw-2, llw-3, and llw-4; 
genes encoding cytochrome P450 proteins (involved in steroid biosynthesis); a 
melatonin synthesis gene; genes encoding insulin and insulin-like peptides; genes 
encoding heat shock factors; genes encoding catalases; stress-response genes; and 
metabolic genes. The invention further relates to methods for identifying and using 
agents, including small molecule chemical compositions, antibodies, antisense 
nucleic acids, and ribozymes, that regulate, e.g., enhance, adult lifespan via 
modulation of aging associated proteins; as well as to the use of expression 
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profiles, markers, and compositions in diagnosis and therapy related to lifespan 
extension, life expectancy, and aging. The present invention also relates to gene 
therapy involving lifespan associated genes. 

L2: Entry 1 of 6 File: PGPB Oct 9, 2003 



DOCUMENT-IDENTIFIER : US 20030190312 Al 

TITLE: Eukaryotic genes involved in adult lifespan regulation 
Detail Description Paragraph : 

[0113] The most obvious disruption of the aging process is a change in lifespan of 
an individual. Lifespan can either be increased or decreased by a mutation in a 
gene that participates in the aging process or, as shown here, by another 
intervention, e.g., RNAi mediated silencing of such a gene. In addition, for all 
eukaryotic organisms other physical characteristics can be used to distinguish 
young individuals from older individuals. Thus, at an organismal level, a mutation 
that affects the aging process will usually affect the lifespan of an individual 
and may also affect other aging characteristics of that individual. Such 
manifestations of the aging process are known as "age-associated parameters," e.g., 
indicia from Nomarski analysis, stress resistance, appearance, physiological 
changes, disease states, loss of doubling capacity, changes in differentiated 
phenotype, indirect effects such as fusion protein expression and localization or 
posttranscriptional modification, etc., are described in more detail below. 

Detail Description Paragraph : 

[0117] Characteristics of aging can also be observed in cultured cells and also in 
mitochondria. Note that many of these characteristics can also be observed in 
animals. Normal eukaryotic cells have a defined lifespan when taken from the 
organism grown in culture. These "primary" tissue culture cells are cells that have 
neither been immortalized nor acquired a transformed phenotype. The primary cells 
will divide a defined number of times in culture and then die (reviewed in Campisi, 
Exper. Geron. 36:6-7-618 (2001)). Cellular aging is also characterized by changes 
other than loss of doubling capability, e.g. changes in apoptotic death and changes 
in differentiated phenotypes (Id.) . In some cases, cellular characteristics of 
aging can also be observed in immortalized or transformed cell lines. Aging cells 
also show stress resistance, e.g., free radical generation and H . sub . 20 . sub . 2 
resistance. Age-related bio-markers, gene, and protein expression patterns may also 
be used to determine or measure aging. 
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ABSTRACT : 

Novel isolated polynucleotides associated with programmed cell death and various 
plant developmental mechanisms are provided, together with genetic constructs 
comprising such sequences. Methods for the modulation of the content, structure and 
metabolism of plants, and particularly for the modulation of PCD and various plant 
developmental mechanisms in plants, are also disclosed, the methods comprising 
incorporating one or more of the polynucleotides or genetic constructs of the 
present invention into the genome of a plant. 

L2: Entry 2 of 6 File: PGPB May 1, 2003 



DOCUMENT-IDENTIFIER: US 20030082724 Al 

TITLE: Compositions affecting programmed cell death and their use in the 
modification of plant development 

Detail Description Table CWU : 

2TABLE 2 SEQ ID NO: SEQ ID NO: Polynucleotide Polypeptide Description 207-209 249- 
251 The RING-finger is a zinc binding domain of 40 to 60 residues that binds two 
atoms of zinc and is found in a wide range of regulatory proteins including viral 
transcription factors, oncoproteins and components of signal transduction pathways, 
and in proteins involved in DNA repair and recombination. Proteins carrying this 
domain have been implicated in a range of diverse biological processes such as 
development, apoptosis, cell- cycle control and ubiquitination . {Grishin, Nucleic 
Acids Res. 29:1703-1714, 2001). 210-212 252-254 DADl {Defender Against Cell Death 
1) is associated with cellular housekeeping functions that are necessary for cell 
health and survival, and their loss may lead to cell death. Cells in temperature- 
sensitive mutant hamster cell lines undergo PCD at restrictive temperatures, and it 
has been shown that the Arabidopsis DADl can rescue the hamster temperature- 
sensitive mutant. DADl is a component of oligbsaccharyltransf erase, involved in N- 
linked glycosylation . DADl is involved in induction of cell death and reduction of 
PCD during development. 214 256 Homologue of llsl {lethal leaf spot protein) that 
was identified from a maize mutant, and that is required to limit the spread of 
cell death in a developmental manner in leaves. 215-216 257-258 Homologue of Lsdl 
(lesion simulating cell death) that is involved in superoxide-dependent signalling 
and acts as a negative regulator of a plant cell death pathway. Lsdl encodes a zinc 
finger protein with homology with GATA- type transcription factors, and the LSD1 
protein functions either to negatively regulate a pro-death pathway component or to 
activate a repressor of plant cell death {Dietrich et al . , Cell 88: 685-694, 1997). 
This homologue contains the three zinc finger domains conserved in Arabidopsis 
thaliana lsdl. 217 259 Homologue encoding nucellin that is involved in cell death. 
The actual process of cell death involves the degradation of proteins and nucleic 
acids, mediated by proteases and nucleases. In addition, an aspartic nuclease, 
nucellin, is specifically associated with nucellar cell death (Chen and Foolad, 
Plant Mol. Biol. 35: 821-831, 1997). 218 260 Homologue of the plant protein oxy5 
from Arabidopsis that is a member of the annexin family and protect bacterial cells 
from oxidative stress . Oxy5 protects mammalian cells from tumor necrosis factor- 
induced cell death (Kush and Sabapathy, Int. J. Biochem. Cell. Biol. 33: 591-602, 
2001) . The involvement of oxidative stress in the various instances of programmed 
cell death in plants suggests that oxy5 plays a protective role. 219-220 261-262 
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Homologue of the tumor suppressor gene, prohibiting that is involved in cell cycle 
arrest. In rat B lymphocytes , the association of prohibitin with membrane -bound IgM 
is a mediator of programmed cell death in these cells. Furthermore, in yeast, the 
deletion of prohibitin homologs resulted in a decreased replicative Li fespan, 
leading to successive decreases in cell cycle time, ageing and cellular senescence. 
221 263 Protein kinases have a conserved catalytic core common to both 
serine/threonine and tyrosine protein kinases which play critical roles in 
regulating cell development and PCD. 222-223 264-265 The Ras branch of the Ras 
superfamily consists of small GTPases, most closely related to Ras and includes the 
R- Ras, Rap, Ral, Rheb, Rin and Rit proteins. Studies have shown that treatments 
that induce programmed cell death (PCD) also cause oxidative stress, suggesting a 
role for oxidative stress in PCD. NADPH oxidase and rac2 are present in plant cells 
and interact during hypersensitive response PCD. Furthermore, the NADPH oxidase is 
active during osmotic stress -mediated cell death and during the terminal phase of 
tracheary element differentiation. 224 266 Homologue of rac2, a small cytosolic 
protein that is required for activation of oxidases that plays a role in PCD. When 
a constitutively active rac2 mutant was inserted into mice, a significant 
enhancement of PCD occurred compared to wild type mice. Biochemical and 
immunochemical studies have shown that rac2 is present in plant cells and interact 
during hypersensitive response PCD. 225-226 267-268 Homologue of the retinablastoma 
gene (RB) from mammals that is involved in p45 mediated responses. P45 is a known 
tumor repressor that can mediate cell cycle arrest and trigger PCD. This tumor 
suppressor can bind and inhibit the transcription factors that initiate entry into 
the cell cycle. In addition, RB plays a regulatory role in the cell death process, 
depending on its phosphorylation status. The regulation of RB proteolysis by 
phosphorylation status, and the consequent RB levels in the cells are important in 
the determination of cellular fates. 227-228 269-270 Homologue of the mammalian 
gene SINA (Seven In Absentia) that is activated during PCD. Human homologs to the 
Drosophila SINA gene are activated during PCD and target specific proteins for 
ubiquitination and degradation in both humans and Drosophila. In addition to actual 
protease activity, targeting of proteins for proteolytic degradation via the 
ubiquitin-proteosome pathway is up- regulated during PCD. 229-230 271-272 Homologue 
of the TATA Box Binding Protein (TFIID) . TFIID is a housekeeping gene that may be 
used to control cell survival and cell death and is the most important general 
factor required for gene transcription by RNA Polymerase II. TFIID binds to the 
TATA box and participates in the first steps of transcription factor assembly, 
which is important for the control of gene expression (Martinez et al . , Proc . Natl. 
Acad. Sci. USA 92:11864-11868, 1995). The ability to developmentally or tissue- 
specifically knock-out TFIID activity provides a method of specifically inducing 
cell death. Attempts at TFIID knock-out have not been reported for plants. 231-232 
273-274 Homologue of Bax inhibitor (BI-1) that inhibits Bax- induced cell death. 
This gene is identical to a previously identified human gene identified as TEGT 
(Testis Enhanced Gene Transcript) . In mammalian systems, caspase activation can be 
inhibited by proteins such as Bel- 2, providing protection against cell death. 
However, other members of the Bcl-2 family, such as Bax, are antagonistic towards 
the protective effect of Bcl-2 and promote cell death, due to their ability to 
interact with Bcl-2 and inhibit its protective ability. 233 275 Homologue of the 
mammalian transcription factor Pur- alpha that is involved in the control of 
mammalian cell death. Pur-alpha is a single-stranded DNA binding protein, which has 
plays a role in both DNA replication and transcriptional regulation. Pur-alpha is 
able to suppress PCD of mammalian cells by two mechanisms. The first is the 
transcriptional repression of Fas (CD-95) , a receptor which transduces a cell death 
signal by interaction with its ligand, and the second is the protection of 
mammalian cells against cell death mediated by p53. Pur alpha contains a region 
with limited homology to the simian virus 40 large tumor antigen, and this region 
is implicated in the binding of each of these proteins to Rb, the retinoblastoma 
tumor suppressor gene product. 234-243 276-285 Eukaryotic thiol proteases (EC 
3.4.22.-) are a family of proteolytic enzymes which contain an active site 
cysteine. Families CI, C2 and CIO are loosely termed papain-like. The papain family 
has a wide variety of activities, including broad-range (papain) and narrow-range 
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endo- peptidases, aminopeptidases , dipeptidyl peptidases and enzymes with both exo- 
and endo-peptidase activity (such as cathepsins B and H) . The papain family is 
generally synthesized with signal peptides and propeptides at the N- terminus and 
therefore proteolytic cleavage of the propeptide is required for enzyme activation. 
The majority of the propeptides are similar to that of papain, the first 5 amino 
acids being part of the " ERFNTN v motif used to 
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US-CL-CURRENT: 435/7.21; 424/9.2 



ABSTRACT: 



This disclosure provides in part a method of evaluating a compound. The method 
includes: contacting a carboxylate transporter polypeptide with a test compound; 
evaluating an interaction between the test compound and the carboxylate transporter 
polypeptide; contacting a cell or organism that produces the carboxylate 
transporter polypeptide with the test compound; and evaluating the effect of the 
test compound on the rate of aging of the cell or organism. 

L2: Entry 3 of 6 File: PGPB May 1, 2003 



DOCUMENT- IDENTIFIER : US 20030082647 Al 
TITLE: Transporter protein 



Summary of Invention Paragrap h : 

[0004] Similarly, studies of the aging process have indicated that it is controlled 
by environmental factors as well. In particular, caloric restriction, which 
typically refers to a diet in which caloric intake is limited to about 30% to 40% 
of the calories that an animal fed ad libitum would consume, has been shown to 
extend lifespan in rodents, worms and yeast . See, e.g., Weindruch et al . (1986), 
Journal of Nutrition 116:641-54. One possibility is that caloric restriction brings 
about a reduction in metabolism, which in turn slows down the production of toxic 
oxygen radicals that result in oxidative stress . Oxidative damage to cells has been 
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correlated with aging, although a causal link has not been established. 
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ABSTRACT: 



Disclosed is a method of identifying an biological age-associated marker. The 
method can include: providing a first organism having a first genotype and a second 
organism having a second genotype, wherein the first and second organisms are 
derived from the same species and are the same chronological age; and comparing a 
property associated with a biomolecule in the first organism to a property 
associated with the biomolecule in the second organism to identify a biomolecule 
having a preselected value for said property, thereby identifying the biomolecule 
as an biological age-associated marker. 

L2: Entry 4 of 6 File: PGPB May 1, 2003 



DOCUMENT-IDENTIFIER: US 20030082597 Al 
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Detail Description Paragraph : 

[0058] The aging of living organisms includes complex developmental changes that 
occur over the passage of time. The invention is based, in part, on the observation 
that molecular mechanisms regulate the aging process. Thus, aging includes 
biologically programmed changes in addition to random or incremental accumulation 
of detrimental events that may result, for example, from exposure to the 
environment or stress . Furthermore, many of these programmed aging mechanisms may 
be conserved across species as diverse as yeast and humans. Modem molecular genetic 
techniques have enabled the discovery of conserved pathways that regulate lifespan 
in yeasts, nematodes, fruit flies and mice. In some cases, mutation in a single 
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gene can result in altered lifespan (reviewed in, e.g., Guarente and Kenyon, Nature 
2000; 408 :255) . 
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ABSTRACT: 



Disclosed are compositions and methods comprising a novel mammalian gene, 
designated MORC, that is expressed in male germ cells. Also disclosed are 
polynucleotide compositions comprising a MORC gene from human and murine sources, 
and polypeptides encoded by these nucleic acid sequences. Methods for preparing 
MORC polypeptides, transformed host cells, and antibodies reactive with MORC 
polypeptides are also provided. In certain embodiments, the invention describes 
methods for diagnosing and treating infertility or testicular cancer, as well as 
methods for identifying MORC-related polynucleotide and polypeptide compositions. 



2 Claim's, 27 Drawing figures 
Exemplary Claim Number: 1 
Number of Drawing Sheets: 8 
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Detailed Description Text (426) : 

liver," J. Biol. Chem. , 266:3361-3364, 1991. Keegan, Holtzman, Plug, Christenson, 
Brainerd, Flaggs, Bentley, Taylor, Meyn, Moss, Carr, Ashley, Hoekstra, "The Atr and 
Atm protein kinases associate with different sites along meiotically pairing 
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chromosomes," Genes Dev., 10 ( 19 }: 2423-2437 , 1996. Kettel, Murphy, Morales, Ulmann, 
Baulieu, Yen, "Treatment of endometriosis with the antiprogesterone mifepristone, " 
Fertil. Steril.; 65(l):23-28, 1996. Kitayama, Sugimoto, Matsuzaki, Ikawa, Noda, "A 
Ras-related gene with transformation suppressor activity," Cell, 56:77-84, 1989. 
K-leckner, "Meiosis: how could it work?" Proc. Natl. Acad. Sci . USA, 93 { 16) : 8167-74 , 
1996. Kleene, "Patterns of translational regulation in the mammalian testis," Mol . 
Reprod. Dev., 43 { 2 ): 268-81, 1996. Klein et al., Proc. Natl. Acad. Sci. USA , 
85:8502-8505, 1988. Klein, Wolf, Wu, Sanford, "High-velocity micropro j ectiles for 
delivering nucleic acids into living cells," Nature, 327:70-73, 1987. Knudson et 
al., "Bax-def icient mice with lymphoid hyperplasia and male germ cell death," 
Science, 270 (5233 ): 96-9, 1995 . Kohler and Milstein, "Continuous cultures of fused 
cells secreting antibody of predefined specificity," Nature, 256 ( 5517 ): 495-497 , 
1975. Kohler and Milstein, "Derivation of specific antibody-producing tissue 
culture and tumor lines by cell fusion," Eur. J. Immunol., 6 ( 7 ) : 511-519 , 1976. 
Kohler, Marks, Wiseman, Jacobs, Davidoff, Clarke-Pearson, Soper, Bast, Berchuck, 
"Spectrum of mutation and frequency of allelic deletion of the p53 gene in ovarian 
cancer," J. Natl. Cancer Inst., 85:1513-1519, 1993. Koike, Krieger, Jacob, 
Mukoyama, Pratt, Dzau, "Angiotensin converting enzyme and genetic hypertension: 
cloning of rat cDNAs and characterization of the enzyme," Biochem. Biophys . Res. 
Commun., 198 ( 1 ): 380-386, 1994. Kolodner, "Mismatch repair: mechanisms and 
relationship to cancer susceptibility," Trends in Biochemical Sciences, 20(1 
0):397-401, 1995. Koopman et al . , "Zfy gene expression patterns are not compatible 
with a primary role in mouse sex determination," Nature, 342 ( 6252 ): 940-2 , 1989. 
Koppelhus, Zachar, Nielsen, Liu, Eugen-Olsen, Ebbesen, "Efficient in vitro 
inhibition of HIV-1 gag reverse transcription by peptide nucleic acid ( PNA) at 
minimal ratios of PNA/RNA, " Nucl . Acids Res., 25 ( 11) : 2167-2173, 1997. Korn and 
Simon, "Measures of explained variation for survival data, " Statistics in Medicine, 
9:487-503, 1990. Kornblau, Thall, Yang, Estey, Andreeff, "Analysis of CD7 
Expression in acute myelogenous leukemia: Martingale residual plots combined with 
'optimal" cutpoint analysis reveals absence of prognostic significance," Leukemia, 
9:1735-1741, 1995. Kremsky, Wooters, Dougherty, Meyers, Collins, Brown, 
"Immobilization of DNA via oligonucleotides containing an aldehyde or carboxylic 
acid group at the 5' terminus," Nucl. Acids Res., 15 ( 7 ): 2891-2909, 1987. Kroning, 
Jones, Horn, Chuang, Sanga, Los, Howell, Christen, "Enhancement of drug sensitivity 
of human malignancies by epidermal growth factor," Brit. J. Cancer, 72 ( 3 ) : 615-61 9 , 
1995. Kruk, Maines-Bandiera, Auersperg, "A simplified method to culture human 
ovarian surface epithelium," Lab. Invest., 63 ( 1 ): 132-136 , 1990. Kuby, Fleming, 
Alber, Richardson, Takenaka, Hamada, "Studies on yeast nucleoside triphosphate- 
nucleoside diphosphate transphosphorylase (nucleoside diphosphokinase ) . IV. Steady- 
state kinetic properties with thymidine nucleotides (including 3'-azido-3'- 
deoxythymidine analogues)," Enzyme, 45 ( 1-2 ): 1-13, 1991. Kuby, In: Immunology, 2nd 
Edition, W.H. Freeman & Company, New York, 1994. Kunkel, Roberts, Zakour, "Rapid 
and efficient site-specific mutagenesis without phenotypic selection, " Methods 
Enzymol., 154:367-382, 1987. Kuro-o, Matsumura, Aizawa, Kawaguchi, Suga, Utsugi, 
Ohyama, Kurabayashi, Kaname, Kume, Iwasaki, Iida, Shiraki-Iida , Nishikawa, Nagai, 
Nabeshima, "Mutation of the mouse klotho gene leads to a syndrome resembling 
ageing," Nature, 390 ( 6655 ): 45-51 , 1997. Kwoh, Davis, Whitfield, Chappelle, 
DiMichele, Gingeras, "Transcription-based amplification system and detection of 
amplified human immunodeficiency virus type 1 with a bead-based sandwich 
hybridization format," Proc. Natl. Acad. Sci. USA, 86 ( 4 ): 1173-1177 , 1989. Kwon et 
al . , "Isolation, chromosomal mapping, and expression of the mouse tyrosinase gene," 
J. Invest. Dermatol., 93 (5) : 589-94, 1989. Kyte and Doolittle, "A simple method for 
displaying the hydropathic character of a protein," J. Mol. Biol., 157 ( 1 ): 105-132 , 
1982. L f Huillier, David, Bellamy, "Cytoplasmic delivery of ribozymes leads to 
efficient reduction in alpha-lactalbumin mRNA levels in C127I mouse cells, " EMBO 
J., 11 (12) : 4411-4418, 1992. Lahn and Page, "Functional coherence of the human Y 
chromosome," Science, 278 ( 5338 ): 675-680, 1997. Landschulz, Johnson, McKnight, "The 
leucine zipper: a hypothetical structure, common to a new class of DNA binding 
proteins," Science, 240 ( 48 60 ): 1759-1764 , 1988. Lansdorp, Verwoerd, van de Rijke, 
Dragowska, Little, Dirks, Raap, Tanke, . "Heterogeneity in telomere length of human 
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chromosomes," Hum. Mol. Genet., 5 ( 5 ): 585-591, 1996. Larsen and Nielsen, 
"Transcription-mediated binding of peptide nucleic acid (PNA) to double-stranded 
DNA: sequence-specific suicide transcription," Nucl . Acids Res., 24 ( 3 ): 458-463, 
1996. Lasic, "Novel applications of liposomes," Trends Biotechnol., 16 ( 7 ): 307-321, 
1998. Lawrence, Altschul, Boguski, Liu, Neuwald, Wootton, Science, 262 ( 5131 ): 208- 
214, 1993. Le Gal La Salle, Robert, Berrard, Ridoux, Stratf ord-Perricaudet , 
Perricaudet, Mallet, "An adenovirus vector for gene transfer into neurons and glia 
in the brain," Science, 259:988-990, 1993. Leahy et al., "Structure of a 
fibronectin type III domain from tenascin phased by MAD analysis of the 
selenomethionyl protein," Science, 258 { 5084 ): 987-91, 1992. Lee et al . , "Human 
retinoblastoma susceptibility gene: cloning, identification, and sequence," 
Science, 235:1394-1399, 1987. Lee, Wang, Smeda, "Effects of perindopril on 
hypertension and stroke prevention in experimental animals," Can. J. Cardiol. 10 

(Suppl D):33D-36D, 1994. Levrero, Barban, Manteca, Ballay, Balsamo, Avantaggiati , 
Natoli, Skellekens, Tiollais, Perricaudet, "Defective and nondefective adenovirus 
vectors for expressing foreign genes in vitro and in vivo," Gene, 101: 195-202, 
1991. Lewis, "A consideration of the advantages and potential difficulties of the 
use of transgenic mice for the study of germinal mutations, 11 Mutation Research, 307 

(2):509-15, 1994. Li, Han, Resnik, Carcangiu, Schwartz, Yang-Feng, "Advanced 
ovarian carcinoma: molecular evidence of unifocal origin," Gyn. One, 51{l):21-5, 

1993. Liang and Pardee, "Differential display of eukaryotic messenger RNA by means 
of the polymerase chain reaction," Science, 257:967-971, 1992. Lidor, Shpall, 
Peters, Bast, "Synergistic cytotoxicity of different alkylating agents for 
epithelial ovarian cancer," Int. J. Cancer, 49 ( 5) : 704-710, 1991. Lidor, Xu, 
Martinez-Maza, Olt, Marks, Berchuck, Ramakrishnan, Berek, Bast, "Constitutive 
production of macrophage colony stimulating factor arid interleukin-6 by human 
ovarian surface epithelial cells," Exp. Cell Res., 207:332-339, 1993. Lieber, 
Sandig, Sommer, Bahring, Strauss, "Stable high-level gene expression in manunalian 
cells by T7 phage RNA polymerase," Methods Eftzymol., 217:47-66, 1993. Lin et al . , 
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Brief Summary Text (14) : 

It has been proposed that SOD is essential for normal aerobic life. (C. W. Olanow, 
TINS, 16: 439-444, 1993.) For example, non-mammalian SOD deficient organisms have 
been established which exhibit highly deleterious characteristics. Escherichia coli 
lacking SOD activity exhibit an oxygen-dependent auxotrophy for branched chain 
amino acids. These organisms are unable to grow aerobically on minimal media, and 
are highly sensitive to the free radical-producing agents paraquat and hydrogen 
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peroxide. (Carlioz et al . , EMBO J., 5: 623-630, 1986.) Cu/Zn SOD deficient yeast 
(Saccharomyces cerevisiae) are intolerant to atmospheric levels of oxygen and are 
auxotrophic for lysine and methionine. (Chang et al . , JBC, 266: 4417-4424, 1991.) 
Null mutations for Cu/Zn SOD in Drosophila melanogaster cause toxic 
hypersensitivities to oxidative stress conditions and a significant reduction in 
the adult lifespan , (Phillips et al., Proc. Natl. Acad. Sci. USA, 86: 2761-2765, 
1989. ) 
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